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(57) Abstract 



A long, slender housing (20) is provided which has rows of contacts (30 and 40) fastened by press-fitting on the opposite front and 
back surfaces of this housing. Furthermore, a connector (10 or 90) is formed by means of latches (50a and 50b) which are fastened to 
both end portions of the housing. A memory board (60 or 80) has contacts or pads (82) on bom sides of one edge, and may constitute a 
DIMM together with a plurality of IC memories (84). Memory modules (70a-70c) which can be connected in a multi-stage configuration 
are constructed by installing such a connector (90) as an integral part of such a board (80). 
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MEMORY MODULE AND CONNECTOR FOR THE SAME 

The present invention concerns a memory module, 
especially an expandable or augmentable memory module 
which is used in a personal computer (PC) or the like, and 
5 a connector which is used with this memory module. 

As a result of progress made in semiconductor 
integrated circuit (IC) technology, and especially in 
microprocessor (MPC) technology, there has been a 
continuing increase in the speed and performance of PC's 
10 and the like using such circuits. Similarly, memory 

modules using semiconductor memories (RAM: random access 
memories, and ROM: read-only memories) which utilize such 
technology have also shown a continuing increase in memory 
capacity . 

15 in PC's and the like, there is conspicuous 

competition to increase performance and reduce cost. 
Accordingly, in the case of the semiconductor memory 
capacity of PC's and the like, the cost of standard 
products has been lowered by manufacturing standard 

2 0 products that have the minimum required memory capacity. 
However, depending on the user or the application 
involved, cases often arise in which the internal 
semiconductor memory capacity of a standard PC is 
inadequate. In order to provide a count ermeasure for use 

25 in such cases, expandable (or augmentable) memory modules 
with memory capacities of 8 MB (megabytes) , 16 MB, 24 MB 
or the like have been offered as options by PC makers. 

In order to allow the connection of such expandable 
memory. modules to motherboards in PC's, SIMM (single in- 

30 line memory module) or DIMM (dual in-line memory module) 
connectors are commonly installed inside PC's. If 
necessary, users may purchase such optional memory modules 
(SIMM or DIMM) and connect these modules to the connectors 
described above, thus adding an expandable memory to the 

35 memory already present in the PC. 
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Examples of SIMM connectors are disclosed in U.S. 
Patent No. 4,850,892, U.S. Patent No. 5,002,494 and 
Japanese Utility Model Kokai No. 6-31088. In the 
connector disclosed in U.S. Patent No. 4,850,892, a 
5 maximum of two SIMM's are connected to the main circuit 
board in a perpendicular relationship. In the connectors 
disclosed in U.S. Patent No. 5,002,494 and Japanese 
Utility Model Kokai No. 6-31088, SIMM's are connected to 
the main circuit board in a parallel relationship. 
10 Furthermore, an elastic latching device for the connector 
disclosed in Japanese Utility Model Kokai No. 6-31088 is 
disclosed in U.S. Patent No. 5,484,302. 

When even further memory capacity is added, SIMM's 
become inadequate; in such cases, contacts are formed on 
15 both end surfaces (edges) of the board. Examples of such 
DIMM connectors are disclosed in U.S. Patent No. 
5,263,870, U.S. Patent No. 5,443,394 and U.S. Patent No. 
5,425,651. 

In the case of conventional memory modules such as 
20 SIMM's, DIMM's or the like, a separately purchased memory 
module, e. g. , an 8 MB expandable memory, is inserted and 
connected in the slot of a SIMM or DIMM connector. 
However, in cases where (for example) it is necessary to 
expand or augment the memory capacity by 24 MB, the 
25 existing 8 MB memory module must be removed and replaced 
by a new 24 MB memory module. As result, the existing 8 
MB memory module is no longer utilized. Although the cost 
of memory modules continues to drop, suqh memory modules 
are still rather expensive; accordingly, such module 
30 replacement leads to a waste of resources. Furthermore, 
conventional expandable memories occupy a considerable 
amount of board space. 

Accordingly, a problem to be solved by the present 
invention is how to increase memory capacity without 
35 discarding expensive memory modules that are currently in 
use, and without requiring a large amount of board space. 
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This problem is solved by a memory module of the 
present invention which uses a two-stage or multi-stage 
structure in which a connector for attachment of 
conventionally used memory modules is formed as an 
5 integral part of a new memory module. More particularly, 
the memory module of the present invention is equipped 
with a circuit board which has a plurality of contacts 
formed along its edge, and a connector which is attached 
to and connected with this circuit board . An existing 

10 memory module is installed in this connector, and the 

memory module of the present invention is connected in the 
slot of the existing connector on the board. As a result, 
both the new memory module and the existing memory module 
are connected in parallel, so that a memory module with a 

15 large memory capacity equal to the sum of the memory 

capacities of both memory modules can be realized as a 
two-stage construction. 

In a preferred working configuration of the present 
invention, an existing 8 MB memory module can be replaced 

20 . by a new 16 MB memory module, or a memory module with a 
total memory capacity of 24 MB can be obtained by 
installing the existing 8 MB memory module in the 
connector slot of the new 16 MB memory module. In this 
way, the existing 8 MB memory module can still be 

25 utilized. 

Furthermore, the memory module connector of the 
present invention has first contacts with elastic contact 
parts that extend from one of the two opposite surfaces of 
a long, slender housing to the other, and second contacts 

3 0 with elastic contact parts that extend from this other 

surface to the first surface. The edge of a memory module 
board which has contacts (or pads) formed on both surfaces 
is inserted and connected between the elastic contact 
parts of the first and second contacts, which are 

35 separated from each other by a specified gap. 
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In the case of such a memory module connector, the 
elastic contact parts of the first and second contacts can 
contact the contacts on both surfaces of the edge of the 
memory module board; accordingly, a DIMM with a large 
5 memory capacity can be used. Furthermore, sufficient 
space is provided for the mounting of a semiconductor 
memory between the board surface and the surface of the 
memory module which is inserted into the connector and 
connected • 

10 The invention will now be described by way of example 

with reference to the accompanying drawings wherein: 

Figures 1(A), 1(B) and 1(C) are front, plan and side 
views, respectively, of a memory module connector 
according to the invention; 

IS Figure 1(D) is an enlarged view of a portion of the 

connector within detail D in Figure 1(B) ; 

Figures 2(A) and 2(B) are a cross-sectional views 
taken along lines A— A and B-B in Figure 1(D); 

Figures 3(A), 3(B) and 3(C) are front, plan and side 
20 views, respectively, of a memory module according to the 
invention; 

Figure 4(A) shows a memory module (in phantom lines) 
being installed in a memory module according to the 
invention; 

25 Figure 4(B) shows a second memory module according to 

the invention being installed in a first memory module 
according to the invention; and 

Figure 4 (C) shows a memory module (in phantom lines) 
being installed in a second memory module according to the 
30 invention which in turn is installed in a first memory 
module according to the invention. 

As shown in Figures l(A-D) and 2(A-B), a connector 10 
of the present invention is constructed from a long, 
slender housing 20, and respective pluralities of first 



4 



WO 97/43805 PCT/US97/08108 

contacts 3 0 and second contacts 4 0 are inserted and 
fastened in two opposite surfaces 21 and 22 of this 
housing 20. These contacts 30 and 40 are mutually offset 
(staggered) . A pair of fittings 50a and 50b, which are 
5 used for both connector fastening and memory board 

latching are attached to both ends of the housing 20 , and 
are preferably made of elastic metal plates. 

In one embodiment the housing 20 has a length of 
approximately 63 mm and a height of approximately 10 mm. 

10 The first and second contacts 30 and 40 are arranged at a 
high density on the two opposite surfaces 21 and 22 of the 
housing 20, at a pitch of approximately 0.8 mm in the 
direction of length. * These contacts are formed (for 
example) by punching out - 6 last id 'metal plates 'which have a 

15 thickness of 0.2 mm. The first and second contacts 3 0 and 
40 together total (for example) 144 contacts. Of course, 
an arbitrary number of contacts may be selected depending 
on the use involved. 

As is shown in Figures 1(A), 1(B) and 1(D), the first 
20 and second contacts 3 0 and 40 are arranged at a constant 
pitch (e. g., 0.8 mm) along the entire length of the 
housing 20. However, as will be described later, the 
memory board has a cut-out which ^s formed in a position 
that is offset to one side from the center of the front 
25 edge (insertion edge) in order to prevent erroneous 
insertion and connection of the memory board in the 
connector 10 in an inverted position. A projection 24 
used to prevent erroneous insertion, which engages with 
this cut-out, is formed slightly offset from the center of 
30 the housing 20. Accordingly, the pitch of the contacts 30 
and 40 is shifted only in the vicinity of this projection 
24. More specifically, some of the contacts are omitted 
from the housing. 

As shown most clearly in Figures 2(A) and 2(B) , the 
35 first and second contacts 30 and 40 are surface mount type 
(SMT) contacts which are fastened to the respective 
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opposite surfaces 21 and 22 of the housing 20 by press- 
fitting* Each of the first contacts 30 has a 
substantially linear base part 31 which rises upward from 
a bottom portion 25 of the housing along the surface 21 on 
5 the side of the housing from which the memory board or 
memory module 60 (indicated by a broken line in Figure 
1(B)) is inserted, a soldering tail 32 which extends 
outward from a bottom end of the base part 31, and a 
press-fitting fastening part 33 which is formed in the 

10 vicinity of the other end of the base part 31. 

Furthermore, each of the first contacts 30 has an elastic 
contact part (contact beam) 34 which extends toward the 
other surface 22 from the previously mentioned other end 
(or upper end) of the base part 31. This elastic contact 

15 part 34 extends from one surface 21 toward the other 

surface 22 in the vicinity of the bottom surface of a slot 
23 formed in the housing 20 in the direction of length. A 
contact portion 3 5 which is bowed slightly upward is 
formed in the vicinity of the tip end (free end) of this 

20 elastic contact part. 

As shown most clearly by Figure 2 (B) , the second 
contacts 40 have a shape resembling that of the first 
contacts 30. Specifically, each second contact 40 has a 
perpendicular base part 41 disposed on the other surface 

25 22 of the housing 20, a soldering tail 42 which extends 
outward from the lower end of this base part, a press- 
fitting fastening part 43 which extends inward from the 
vicinity of the upper end of the base part 41, and a 
relatively long elastic contact part 44 which extends from 

30 the upper end along the upper wall of the slot 23 of the 

housing 20 toward the first surface 21. A contact portion 
45 which bows downward is formed on the tip end of the 
elastic contact part 44. 

Furthermore, as shown in Figures 2 (A) and 2(B), the 
35 respective second contacts 4 0 and first contacts 30 which 
cannot be seen at the respective positions of the cross 
sections are indicated by broken lines. The contact 
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portions 35 and 45 of the first and second contacts 30 and 
40 are formed so that these contact portions are slightly 
separated from each other in the vertical and front-to- 
back directions. An edge of a memory board 60 is inserted 
5 (at an acute angle relative to the board attachment bottom 
surface 25) between the contact portions 3 5 and 45 of the 
elastic contact parts 34 and 44 of both sets of contacts 
3 0 and 40, and this memory board 60 is pivoted. As a 
result, electrical contact is established between contact 
10 pads (not shown in the Figures) formed on both sides of 

the edge of the memory board 60, and the contact portions 
35 and 45 of the first and second contacts 30 and 40. 

In order to connect the memory module 60 to the 
connector* .10, the leading edge of the. memory board 60 on 

15 which contacts are formed is caused to enter the slot 23 
in the housing 20 of the connector 10 as in the case of a 
conventional SIMM or DIMM socket. Specifically, as 
indicated by broken lines in Figures 2(A) and 2(B), the 
leading edge is inserted in the gap between the contact 

20 portions 35 and 45 of the elastic contact parts 34 and 44 
of the contacts 30 and 4 0 at an acute angle with respect 
to the horizontal plane, and is then pushed into the slot 
23. In this case, the system is designed so that the 
memory board 60 cannot be inserted further into the 

25 connector 10 unless the cut-out in the leading edge of the 
memory board 60 and the projection 24 on the housing 20 
are correctly aligned, i. e. , unless the memory board 60 
is oriented correctly and not inverted. Thus, a mechanism 
which prevents erroneous insertion is provided. The 

30 memory board 60 which has been correctly aligned with the 
slot 23 is pivoted from the acute-angle state described 
above into a horizontal state (as is indicated by broken 
lines in Figures 2(A) and 2(B). As a result of this 
pivoting, the contacts (not shown in the Figures) formed 

35 on both sides of the leading edge of the memory board 60 
(e. g., at a pitch of 0.8 mm) make elastic contact with 
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the contact portions 35 and 45 of the first and second 
contacts 30 and 40 of the connector 10 . 

Furthermore , alignment projections 26 which are used 
for alignment with alignment holes (not shown in the 
5 Figures) formed in the main board (e. g. , PC mother board) 
to which the connector 10 is attached are formed in the 
vicinity of both ends of the bottom surface 25 of the 
housing 20 of the connector 10. The connector 10 and the 
main board are accurately aligned by means of these 

10 alignment projections 26. Two rows of pads are formed on 
this main board at a pitch of (for example) 0.8 mm. When 
the connector 10 is attached to the main board, the 
soldering tails 32 and 42 of the first and second contacts 
30 and 40 of the connector 10 are correctly aligned with 

15 the pads on the main board. Then, surface mounting 
connections are accomplished by ref low using a 
conventional soldering cream or soldering paste, and a 
universally known method involving irradiation with 
thermal radiation such as infrared radiation, a laser beam 

20 or the like. 

Mutual connection of the connector 10 and memory 
board 60 may be accomplished either before or after the 
attachment of the connector 10 to the main board. When 
the memory board 60 is connected by being inserted and 

25 pivoted in the slot 23 of the housing 20 of the connector 
10 as described above, the latches 50a and 50b made of 
(for example) elastic metal plates undergo latching 
engagement with latch parts such as recesses or the like 
which are formed in both side edges of the memory board 

30 60, so. that mutual disconnection (creation of a state of 
non-contact) due to pivoting of the memory board 60 from 
the connector 10 or movement of the memory board 60 in the 
direction of insertion or in the opposite direction is 
prevented. Furthermore, the latches 50a and 50b may have 

35 a conventional structure of the type disclosed in (for 
example) U.S. Patent No. 5,484,302. 
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It may become necessary to remove the memory board 60 
from the connector 10 in order to replace the memory board 
60 with another memory module, or for some other reason. 
In such cases, the latching of the memory board 60 can be 
5 released by elastically bending the tip ends (free ends) 

of the latches 50a and 50b outward (in the direction which 
causes mutual separation) with the fingers or by means of 
a tool. Afterward, the memory board 60 can be removed by 
pivoting the rear end of the memory board 60 upward and 

10 pulling the memory board 60 out of the slot 23 of the 

housing 20. In other words, the removal operation of the 
memory board 60 is the reverse of the insertion and 
connection operation. In Figure 1(B), the state in which 
" the latches 50a and 50b are bent outward during unlatching 

15 is indicated by broken lines. 

Furthermore, as is indicated most clearly in the side 
view shown in Figure 1(C), each of the latches 50a and 50b 
has an attachment leg 52 which drops downward from the 
vicinity of the latch engagement part 51 toward the main 

20 board or attachment board surface; moreover, an 

attachment surface 53 which is bent along the main 
(attachment) board surface is soldered to pads on the main 
(attachment) board surface. Such a construction makes it 
possible to increase the strength of the fastening of the 

25 connector 120 and the latches 50 themselves to the main 

(attachment) board. As a result, any danger of accidental 
separation of the memory board 60 from the connector 10 
during use can be securely eliminated. However, when the 
tip (free) ends or operating parts 54 of the latches 50 

30 are operated, the latches 50 pivot outward about the 

attachment surfaces 53 and fastening parts 55 fastened to 
the housing 20; accordingly, unlatching of the memory 
board 60 is possible. 

Next, a preferred working configuration of a memory 
35 module 70 of the present invention will be described with 
reference to Figures 3(A-C) and 4(A-C). The memory module 
70 is constructed from a memory board (or circuit board) 
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80, and a connector 90 which is electrically and 
mechanically attached to this board. Respective 
pluralities of contacts 82 are formed on both the upper 
and lower surfaces of the front edge 81 of the memory 
5 board 80, and a cut-out 83 which is used to prevent 
erroneous connection is formed in a position that is 
slightly offset from the center. Furthermore, as 
indicated by broken lines in Figure 3(B), a plurality of 
IC memories 84 such as RAM or the like are connected to at 
10 least one side (and preferably to both sides) of the 
memory board 60. Moreover, latching recesses 85 are 
formed in both side edges of the memory board 80, and 
positioning holes 86 are formed in both sides in the 
vicinity of the front edge 81. 

15 The connector 90 is substantially similar to the 

connector 10 described above, and has a long, slender 
insulating housing, first and second contacts, and a pair 
of latches. Since this connector 90 may have 
substantially the same construction as the connector 10, a 

2 0 description of the connector will not be repeated here. 

The memory module 70 of the present invention is 
characterized by the fact that this memory module has an 
integrated structure consisting of a memory board 80 which 
has a plurality of IC memories 84, and a connector 90 
25 which is attached to one surface (for example, the upper 
surface) . 

Next, methods of use of the memory module 70 of the 
present invention will be described with reference to 
Figures 4(A), 4(B) and 4(C). First, Figure 4(A) 

30 illustrates a first memory module 70a constructed 

according to the present invention. This memory module 
7 0a has substantially the same construction as the memory 
module 70 described above with reference to Figure 3; in 
this module, a memory board 80a and a connector 90a are 

35 formed as an integral unit. Naturally, IC memories (not 
shown in the Figures) are mounted on and connected to the 
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memory board 80a. The outline of a separate (second) 
memory module 70b which is inserted in the connector 90a 
shown in Figure 4(A) at an acute angle of (for example) 
approximately 25 degrees is indicated by a broken line in 
5 the Figures. This other memory module 70b may be a 
conventional SIMM or DIMM. 

Figure 4 (B) is a side view illustrating a state in 
which the second memory module 70b has been inserted for 
the purpose of mutual connection with the first memory 

10 module 70a. The second memory module 70b may also have 
substantially the same shape and dimensions as the first 
memory module 70a; however, in this specific example, the 
overall length of the memory module 70b is slightly 
shorter than the overall length of the memory module 70a. 

15 This prevents the second memory module 70b from protruding 
to the outside of the first memory module 70a when the 
second memory module 70b is connected to the first memory 
module 70a, However, in cases where there is sufficient 
space inside the electronic device in question, the first 

2 0 and second memory modules 70a and 70b may naturally have 
the same shape and dimensions. 

Figure 4(C) illustrates a state in which the second 
memory module 70b is completely connected to the first 
memory module 70a. Specifically, the second memory module 

25 70b in Figure 4(B) is pivoted approximately 25 degrees 
about the left edge, and the engaging parts 85a of the 
memory board 80a of the second memory module 70a are 
engaged with the latches of the connector 90a. This 
second memory module 70b has mounted thereon IC memories 

30 with the desired memory capacity. However, since this 
second memory module 70b has an integrally connected 
connector 90b, a memory module which may be a conventional 
SIMM or DIMM, or a separate (third) memory module 70c [of 
the present invention] may be connected to the connector 

35 90b to form a successive multi-stage structure. This 

third memory module 70c is indicated by a broken line in 
Figure 4 (C) - 

11 
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Furthermore, as will easily be understood by a person 
with an ordinary skill electronics, the plurality of 
memory modules 70a through 70c connected in a multi-stage 
structure as described above are selectively operated . 
5 Specifically, a plurality of pins designated as RFU 

(reserved for future use) are provided among the numerous 
contact pins of the connectors 90a through 90c. By 
selectively driving the memory modules 70a through 70c 
using these pins, it is possible to use a plurality of 
10 memory banks in parallel. Such driving signals are 
generally sent from a CPU or the like. 

As is clear from the above description, the memory 
connector of the present invention has a long, slender 
housing with a relatively high back which is mounted on a 

15 memory board on which IC memories are carried or mounted. 
Numerous first and second contacts are disposed in rows 
on the front and back opposite surfaces of this connector, 
and the elastic contact parts of these respective contacts 
are positioned separately from each other inside a slot. 

20 The connector is constructed so that the edge of the 
memory board of a memory module on which contacts are 
formed is inserted at an acute angle between the separated 
elastic contact parts described above, after which the 
memory board is pivoted so that the memory module is 

25 latched by latches on both ends of the housing of the 
connector. The first and second contacts can be 
manufactured relatively easily and inexpensively by 
punching the contacts out of an elastic metal plate and 
fastening the contacts in place at a specified pitch by 

30 press-fitting from both outside surfaces of the housing. 
Furthermore, the pair of latches can also be easily 
fastened to both end portions of the housing. Since 
alignment projections are formed in the vicinity of both 
ends of the bottom surface of the housing, and since these 

35 alignment projections are engaged with corresponding 

alignment holes in the memory board, the soldering tails 
of first and second contacts formed at a high density can 

12 
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be securely aligned with the corresponding pads on the 
memory board. Furthermore, the pair of latches can be 
formed by punching out and bending an elastic metal plate , 
and can be fastened in place by (for example) press- 
5 fitting in grooves formed in the housing. In addition, 
the latches have leg parts which drop downward from the 
vicinity of the latch engagement parts, and which are 
fastened by soldering to the memory board* In this way, 
the connector can be securely fastened to the board, and 
10 the danger of accidental unlatching of the memory module 
during operation can be effectively eliminated. 

Furthermore, in the memory module of the present 
invention, a connector is integrally connected to one 
surface of a memory board on which IC memories are 

15 mounted- In the case of such a memory module, the 

contacts formed on one edge of the memory board can be 
connected (for example) to the main board, i. e. , 
motherboard, of an electronic device such as a PC or the 
like in place of a previously connected memory module. 

20 Then, the memory module which has been removed can be re- 
connected to the connector of the memory module of the 
present invention so that both memory modules can be used 
simultaneously* Alternatively, a plurality of memory 
modules of the present invention in which memory boards 

25 and connectors of similar construction are formed as 

integral units may be connected to each other in a multi- 
stage construction. Accordingly, in cases where 
sufficient space is available above the motherboard, the 
memory capacity can be expanded without any substantial 

30 increase in the area occupied on the motherboard, and 
without wasting expensive memory modules. In the 
specified example of the present invention described 
above, the height of one memory module is approximately 11 
mm, so that a low structure with a height of approximately 

35 20 mm can be obtained even if modules are connected to 

form a two-stage construction. Furthermore, the maximum 
height in cases where a third memory module is inserted 
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into such a two-stage memory module can be kept to 
approximately 30 mm. 
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CLAIM 

1. A memory module comprising a circuit board (80a) 
having a plurality of contact pads (82) formed along an 
5 edge of the board, characterized in that: 

a connector (90a) is mounted on the circuit board for 
electrically connecting with a second memory module (80b) , 
thereby permitting a multi-stage memory module 
construction . 
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